Sediment cores recovered from three holes drilled during Ocean Drilling Program Leg 136 include volcaniclastics probably derived from the Hawaiian islands. The volcaniclastics shallower than 10 meters below seafloor are fresh and are composed of basaltic glass (sideromelane), basaltic fragments (mainly tachylite), Plagioclase, olivine, pyroxene, and opaque minerals. Most of these glasses are probably products of hydrovolcanism. Visibly, some of these volcaniclastics are recognized as bedded ash layers having thicknesses that range from 5 to 10 cm. However, many volcaniclastics are disrupted by bioturbation to some degree, and are sometimes totally mixed with ambient brown clays. No visible correlative ash layer among these holes was found. It seems that many ash layers thinner than the bedded layers were disrupted by bioturbation because of the low sedimentation rate of volcaniclastics.
INTRODUCTION
During Ocean Drilling Program (ODP) Leg 136, sediment cores were collected at Holes 842A, 842B, and 843C, 220 km from the island of Oahu (Figs. 1 and 2), in the southern outer area of the Hawaiian Arch (Hamilton, 1957) and archipelagic apron. These holes are on the crest of a small ridge-like knoll that has low elevation and gentle slope (Dziewonski, Wilkens, Firth, et al., 1992) . Therefore, it seems the contribution of detrital sediments from the Hawaiian Islands is minimal.
Distances between these three holes are less than 1000 m; the distance between Holes 842A and 842B is a few tens of meters. Therefore, the major lithology among these holes is similar (brown clayey silt and silty clay) and includes volcaniclastics (ash) as the minor lithology. The origin of the upper part of these volcaniclastics could be referred to as volcanism from the Hawaiian Islands (Garcia, this volume). However, the amounts and occurrences of volcaniclastics are different. In this report, sedimentological features of these volcaniclastic sediments are described, and the possible deposition processes of these ash layers are discussed.
METHODS
Composition of the sediments was determined from smear slides for 42 samples and thin sections for 20 samples. The shapes of coarse fractions of these sediments were observed by scanning electron microscopy (SEM).
Grain-size distributions for 42 samples were determined using a Shimazu Co. Ltd. Model SALD-1100 laser-beam particle-size analyzer after removal by suspension in distilled water, agitation in an ultrasonic cleaner, and decantation. The length and width of volcaniclastic fragments were measured in thin section for Samples 136-842A-1H-6, 58-59 cm, and -1H-6, 67-68 cm. 1 Wilkens, R.H., Firth, J., Bender, J., et al, 1993. Proc. ODP, Sci.Results, 136: College Station, TX (Ocean Drilling Program) .
JAMSTEC, 2-15 Natsushima-cho, Yokosuka 237, Japan. 3 Ocean Research Institute, University of Tokyo, 1-15-1 Minamidai, Nakano-ku, Tokyo 164, Japan (Current address: Inter Science Co. Ltd., 1-5-9 Toranomon, Minato-ku, Tokyo 105, Japan). 4 Kyoto Fission Track Co., Ltd., Umezu Kita-machi 33, Ukyu-ku, Kyoto 615, Japan. Reflective indices of basaltic glass shards from the sediments were measured with the Reflective Index Measurement System Model RIMS-86 of Kyoto Fission Track Co. Ltd., using the experimental procedures of Danhara et al. (1992) . The accuracy of the reflective index for a single shard is better than 99.99%. Figure 3 shows the location of the discrete ash layer and the relative abundance of dispersed ash in cores from these three holes. These discrete ash layers include visibly well-preserved, moderately bioturbated, and heavily bioturbated ash layers. Samples were collected from some of these layers and from some homogeneous parts as background. Interval 136-842A-1H-6, 63-70 cm, has well-preserved ash layers (Fig. 4A) . The bottom of these layers shows a sharp surface. However, the layers are mottled and mixed with pelagic brown clay toward the top. Visibly normal grading is the only internal sedimentary structure, and there are three upward-fining sequences within this interval. We observed some coarse-grained concentrated wavy bands microscopically, but the boundary between surrounding areas is not clear (probably disturbed by bioturbation). 
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Figure 3. Location of ash layers and relative abundance of dispersed ash with depth in Cores 136-842A-1H (A), 136-842B-1H and -2H (B), and 136-843C-1H (C) (modified from Dziewonski, Wilkens, Firth, et al., 1992 ).
An ash layer between Interval 136-842A-1H-6, 120-126 cm, is moderately disturbed by bioturbation, although an upward-fining sequence is observed within it (Fig. 4B) . The bottom surface is heavily undulated, but the contact with clay underneath is sharp, and beneath this bottom surface there are some small pods filled by sand-size volcaniclastics existing within nannofossil ooze (PI. 1, Fig. 4) .
Some visible ash layers were recovered from Hole 842B, but most of the volcanic glasses are altered. Visible ash layers from Hole 843C are all disrupted by bioturbation.
SEM, Smear Slide, and Thin-Section Observations
The results of a point count of thin sections are shown in Table 1 . In each hole, 842A, 842B, and 843C, fresh glass (sideromelane) shards (PI. 1, Figs. 1, 2, 4) are well-preserved in depths shallower than 10 mbsf. These glass shards show some angular varieties. The most dominant type is the blocky shaped type 1 ofWohletz(1983);othervarieties observed are type 2, 3, and 4 of Wohletz (1983) and scoria (Pis. 2 and 3). The other volcaniclastic materials are tachylite (now opaque), pla- gioclase, olivine, clinopyroxene, and opaque minerals (probably ilmenite). These volcaniclastics are, of course, enriched in the visible ash layers. Nonetheless, a very small amount of volcaniclastics is scattered in every sample shallower than 10 mbsf in each hole.
Most volcaniclastic-enriched ash layers include significant amounts of fine-grained sediments. Most of these volcaniclastic grains are supported within a clay-and fine-silt-size matrix. Hole 842B was the only one to penetrate below 10 mbsf, where some visible ash layers exist. The majority of volcanic glasses between 10 and 18 mbsf have been altered to clay minerals, sometimes making it difficult to distinguish them from matrix clay in thin sections. Other volcaniclastics such as olivine, pyroxenes, and feldspar remain unaltered (PI. 1, Fig. 3 ). Below 18 mbsf zeolitic (phillipsite?) clay was found. The dominant materials are pelagic clays in most samples. Siliceous biogenic materials such as radiolarians and diatoms are common in some samples. Carbonaceous biogenic materials, mostly nannofossils and foraminifers, are observed within and below the ash layer (Interval 136-842A-1H-6, 120-126 cm). In most samples, small, usually spherical forms of dark brownish opaque materials are observed. These opaque materials are probably the "red brown semiopaque oxide" described in Yeats, Hart, et al. (1976) .
Grain-Size Analysis
Grain size was measured for all samples, and the results are shown in Table 2 . Fine-silt-size particles are the dominant fraction in most samples. Coarse grains are prominent in visible ash layers. Sand-size modal peaks are only recognized in the visibly well-preserved ash layers. However, grain-size distributions show poor sorting and fine tails in all the ash-layer samples. No sand-size modal peak was found in the heavily bioturbated ash-layer samples, which include comparatively large amounts of sand-size volcaniclastics (Fig. 5) . Figure 6 indicates coarse silt-and sand-size particles are mostly volcaniclastics and siliceous fossils. For Samples 842A-1H-6, 67-68 cm, and -1H-6, 58-59 cm, we measured the length and width of 100 volcaniclastic Note: Sand = >63 µm, coarse silt = 31-63 µm; fine silt = 4-31 µm; clay = <4 µm.
particles in thin section. No significant difference in type, length, and width among volcaniclastic particles was found (Table 3) . These grainsize analyses reveal a tendency for the median and modal diameters to increase as depth decreases (Fig. 7) .
Reflective Index of Basaltic Glasses
Fourteen samples included enough fresh glass shards (sideromelane) to measure the reflective index (Table 4 ). The indices of these glasses range between 1.585 and 1.606. They have basaltic compositions (Schmincke, 1981) and are similar to Site 311 glass samples (Larson, Moberly, et al., 1975) . We observed no significant differences in range or deviation of the reflective index with differences in degree of bioturbation and grain-size distribution.
It seems from observation of these samples representing three holes that glass shards between 2 and 6 mbsf have approximately 1.590 modal and mean values. The other glass shards have about 1.600 both above and below the interval of 2 to 6 mbsf (Fig. 8) . Based on the reflective index, the glass shards around 2.5 mbsf may be correlated between Holes 842B and 843C.
DISCUSSION
Hole 842B is the only hole to penetrate below 10 mbsf. Most glasses below 10 mbsf have altered to clay minerals or zeolite, and not enough fresh basaltic glass shards were found to measure the reflective index. Therefore, the following discussion is based primarily on samples from the three holes shallower than 10 mbsf.
Source Area of Volcaniclastic Fragments
The shapes of most fresh glasses are very similar to hydrovolcanic eruption products (Heiken and Wohletz, 1985) . However, these glass fragments include various types of hydrovolcanic products (types 1, 2, 3, and 4 of Wohletz, 1983 ) and scoriaceous fragments. Moreover, these volcaniclastics include a significant amount of tachylite. Fisher and Schmincke (1984) mentioned that vesicular tachylite is one of the indicators of comparatively slow cooling (subaerial).
Composite sedimentary bodies composed of hyaloclastite, pillow lava, and subaerial lava are formed at the surf zone when subaerial basaltic lava flows enter the sea (Jones and Nelson, 1970; Furnes and Fridleifsson, 1974; Moore et al., 1973; Furnes and Sturt, 1976) . Kokelaar (1986) mentioned that type 1 (hyaloclastite) pyroclast is produced under this condition, and types 3 and 4 pyroclast and scoria are produced by littoral cone-building explosions. Therefore, the probable formation area of such mixtures of various types of volcaniclastics is a littoral zone.
Transportation Process
Visible ash layers include pelagic clay and planktonic, mainly siliceous fossils, but others are essentially volcanic products. Most of these volcaniclastics are very angular in shape. Normal grading is the Note: 100 grains were measured on polished thin-section surfaces.
only distinct internal sedimentary structure of these ash layers. According to Huang (1980) , two possible transportation processes may exist. One scenario is pelagic settling of air-fall pyroclasts. A second possibility is volcaniclastic materials transported to the present position by gravity currents (volcaniclastic turbidite). The ash in these three holes includes mostly fine-grained volcaniclastics (mostly less than silt size), in which the settling velocity in the water column is controlled by Stokes' Law. These volcaniclastics include materials of different density such as heavy minerals (olivine and pyroxene), light minerals (plagioclase), and glasses. If ash layers are air-fall deposits, these volcaniclastics have been sorted by density contrast as they sank within the water column. Moreover, many glass shards have vesicles and show bubble-wall shapes in which settling velocities are slower than blocky crystal particles (Fisher, 1964) . Sampling intervals are not so dense within the ash layers, but no tendency appears for enrichment of heavy minerals in the lower part of graded beds or coarse-grained samples (Fig. 9) .
If the eruption duration were long and the modal compositions of pyroclastics were not constant during the eruption, later ashes may be mixed with earlier ashes (Ledbetter and Sparks, 1979) . Therefore, it is probable that these modal compositions were modified by this process.
In the Pacific Ocean, many volcaniclastic turbidites and debrisflow deposits were collected by Deep Sea Drilling Project (DSDP) and ODP at the archipelagic apron of volcanic seamounts (Winterer, Ewing, et al. 1973; Larson, Moberly, et al., 1975; Kelts and McKenzie, 1976; Larson, Schlanger, et al., 1981; Moberly, Schlanger, et al., 1986; Lancelot, Larson, et al, 1990) . DSDP Site 462 recovered thick Cretaceous volcaniclastic turbidites (Larson, Schlanger, et al, 1981) , and ODP Site 802 (Lancelot, Larson, et al., 1990 ) recovered Miocene and Cretaceous volcaniclastic turbidites. The distance from the probable source area of these sites is greater than the distance between Oahu and Sites 842 and 843 (the Miocene deposit of Site 802 is 350 km from its source area). Even sand-size detritus can be carried by upslope flow of turbidity currents (Damuth and Embley, 1979) . No distinct sedimentary structure was found except for normal-graded bedding within the ash layers at Sites 842 and 843. These observations suggest that these ash layers are a distal volcaniclastic turbidite. Large amounts of matrix pelagic clay in ash layers indicate mixing between volcaniclastics and pelagic clay by turbidity currents during transportation (Sparks and Wilson, 1983) .
The majority of Cretaceous and Miocene archipelagic apron volcaniclastic turbidites are accompanied by shallow-water carbonate materials (Kelts and Arthur, 1981; Whitman et al, 1986; Lancelot, Larson, et al., 1990) . These turbidites may include shallow-water or subaerial volcaniclastics. The Hawaiian Islands are fringed by coral reefs, but samples from Sites 842 and 843 do not include shallowwater carbonate fragments. However, calcareous materials are found at Site 311, south of Midway Island (Larson, Moberly, et al., 1975) . The shallow-water carbonates at Sites 842 and 843 have been dissolved, as the sedimentation rate is low compared with other archipelagic apron areas. On the other hand, Fornari et al. (1979) reported a landslide body that is essentially composed of volcaniclastics from the surf zone where volcaniclastic productivity is high on the south flank of the island of Hawaii. Therefore, it is also probable that these ash layers were originally free or almost free of shallow-water carbonate fragments.
Disturbance of Bioturbation
We observed some degree of bioturbation disturbance even in visible ash layers. An ash layer in Sample 136-842A-1H-6,63-70cm, has a sharp bottom surface; this sample shows a sand-size modal peak (Fig. 5A) . However, other visible ash layers show poorly sorted grain-size distribution (Fig. 5C ). These characteristics indicate that the ash layers were mixed with ambient pelagic brown clays. Moreover, sand-or coarse silt-size volcaniclastic particles can be observed in most samples shallower than 10 mbsf. These volcaniclastics were probably dispersed by bioturbation from lower horizons.
The sedimentation rates among these three holes are similar (Dziewonski, Wilkens, Firth, et al., 1992) . If the degree of disturbance from bioturbation is similar among these three holes, there should be a correlating ash layer in the case of air-fall ash. However, we observed no visible correlative ash layer among Holes 842A, 842B, and 843C. Sparks et al. (1984) showed that ash-layer disturbance depends on the sedimentation rate, hence the original thickness of ash layers is significantly different among these holes. The distance between Holes 842A and 842B is small, which indicates that these ash layers were not deposited by a simple air-fall process.
As Kelts and Arthur (1981) noted, the archipelagic apron around volcanic island volcaniclastic turbidites formed within a short period after the volcanic activity. Therefore, if these volcaniclastic sediments from Sites 842 and 843 are of turbidite origin, these ashes preserve the volcanic activity sequence. Of course, if these ashes were air-fall deposits, the succession represents a change in composition of erupted magma of the Hawaiian volcanoes. As mentioned in Ruddiman and Glover (1972) , the degree of disturbance of bioturbation decreases exponentially, suggesting that volcanic glasses probably were not dispersed to any great extent after deposition, and the three horizons of reflective indices indicate the change in composition of erupted magma of the Hawaiian volcanoes.
SUMMARY
Three volcaniclastics (ash)-bearing sediment cores were collected during Leg 136. The sources of these volcaniclastics could be the volcanoes of the Hawaiian Islands. However, the occurrence and amount of volcaniclastics among these three cores are different. All ash layers show disturbance resulting from bioturbation. It appears that the effect of bioturbation is the most significant reason for these different ash layers. Two probable transportation processes may exist. One is air-fall pyroclastics produced by hydrovolcanism and settled in a pelagic environment. The other is turbidite coming primarily from the surf zone. The simple air-fall origin is unlikely because no correlative visible ash layers among these three holes exists. Therefore, turbidite transport is the favored explanation of the origin.
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